Coffee intake is suggested to have a positive impact on chronic diseases, yet its role in urological diseases such as erectile dysfunction (ED) remains unclear. We investigated the association of coffee intake with incidence of ED by conducting the Health Professionals Follow-Up Study, a prospective analysis of 21,403 men aged 40-75 years old. Total, regular, and decaffeinated coffee intakes were self-reported on food frequency questionnaires. ED was assessed by mean values of questionnaires in 2000, 2004 and 2008. Multivariable adjusted Cox proportional hazards models were used to compute hazard ratios for patients with incident ED (n = 7,298). No significant differences were identified for patients with incident ED after comparing highest (≥4 cups/day) with lowest (0 cups/day) categories of total (hazard ratio (HR) = 1.00, 95% confidence interval (CI): 0.90, 1.11) and regular coffee intakes (HR = 1.00, 95% CI: 0.89, 1.13). When comparing the highest category with lowest category of decaffeinated coffee intake, we found a 37% increased risk of ED (HR = 1.37, 95% CI: 1.08, 1.73), with a significant trend (P trend = 0.02). Stratified analyses also showed an association among current smokers (P trend = 0.005). Overall, long-term coffee intake was not associated with risk of ED in a prospective cohort study. coffee; decaffeinated coffee; erectile dysfunction Abbreviations: BMI, body mass index; CI, confidence interval; ED, erectile dysfunction; FFQ, food frequency questionnaire; HPFS, Health Professionals Follow-up Study; HR, hazard ratio.
Coffee is a rich source of caffeine, antioxidants and antiinflammatory compounds (1) (2) (3) (4) , and has been implicated to have a potentially beneficial role against chronic diseases. Yet, the role of coffee intake in urological diseases, specifically in erectile dysfunction (ED), remains undetermined (5) (6) (7) (8) (9) . The prevalence of ED in American men aged 20 years or older is 18.4%, which suggests that more than 18 million people are affected (10, 11) . Further, in a prospective study, 17.7% of men (aged 40-75 years) reported incident ED during a 14-year follow-up (12) . Among older men, these numbers substantially increase, which affects overall quality of life (11, 13, 14) .
An inverse association between coffee intake and improved erectile function is biologically plausible. In addition to being a major source of polyphenols, coffee has the potential to increase testosterone levels (15) (16) (17) , initiate a series of pharmacologic reactions that lead to the relaxation of the cavernous smooth muscle, and improve blood supply through penile arteries (18) . In a previous cross-sectional analysis using the National Health and Nutrition and Examination Survey from 2001-2004, a nationally representative sample of the US noninstitutionalized male population, the equivalent of 2-3 cups of coffee per day was associated with a lower likelihood of ED (19) . A further investigation of this association was conducted among men with comorbidities such as obesity, hypertension and diabetes, which are strong risk factors for ED. The findings remained the same among obese and hypertensive men, but not among men with diabetes.
Given the inherent limitations of the cross-sectional study design and a relatively small total sample size (n = 3,724) in the National Health and Nutrition and Examination Survey analyses, we decided to investigate prospectively the association of caffeinated and decaffeinated beverages with risk of ED in the Health Professionals Follow-up Study (HPFS). In the HPFS, we used an analytic sample of 21,403 men, 7,298 patients with incident ED, and a follow-up period of 10 years. Additionally, we investigated these associations among men with lifestyle factors and comorbid conditions such as obesity, hypertension, diabetes, history of smoking, and marital status.
METHODS
The HPFS is an ongoing prospective cohort study that started in 1986 with 51,529 middle-aged US male health professionals which included dentists, pharmacists, optometrists, osteopaths physicians, podiatrists, and veterinarians. They are followed-up with mailed questionnaires every 2 years to update their information on lifestyle and health outcomes and every 4 years to assess usual diet (94% response rate) (20) . The HPFS is approved by the Human Subjects Committee at the Harvard T.H. Chan School of Public Health.
Outcome assessment
On the 2000 questionnaire, HPFS participants were asked to rate their ability (without treatment) to have and maintain an erection sufficient for intercourse. Each question included a time grid with year/month increments (before 1986, 1986-1989, 1990-1994, 1995 or later, and in the past 3 months) to allow participants to report historically if and when erectile function changed. Participants were again asked to report their current function (without treatment) in 2004 and 2008. Response options on the 5-point scale included very poor, poor, fair, good, and very good. Only men who at baseline in 1998 were without prior diagnosis of ED; prostate, bladder, or testicular cancer; or CVD were included in our analyses. Date of diagnosis was defined as the date of return of the 2000 questionnaire, and we censored at first report of ED. Reports of poor or very poor erectile function in any of the periods from 2000 to 2008 were considered incident cases of ED (21, 22) .
Coffee intake assessment
Dietary data, including coffee intake, was collected from HPFS participants using food frequency questionnaires (FFQ), which calculated the cumulative dose of coffee intake. FFQ were administered in 1998 and subsequently every 4 years through 2010. In the FFQ, participants reported how frequently they consumed a specified portion of a food item over the previous year, with 9 possible answers ranging from "never or less than once a month" to "6 or more times per day." The FFQ included questions to assess the daily intake (number of cups) of regular and decaffeinated coffee. Previously, Feskanich et al. (23) conducted a validation study and found a high correlation (r = 0.93) between participant reports of coffee intake on the FFQ compared with 2 1-week diet records separated by 6 months.
Statistical analysis
Each participant contributed person-time from the date of return of the 1998 questionnaire to the date of first report of ED or the end of follow-up in 2010. Coffee intake data was categorized according to levels of regular, decaffeinated and total (regular and decaffeinated) coffee intake. Because cardiovascular diseases share many similar diet risk factors as ED, we stopped updating the coffee intake and diet intake information when any cardiovascular disease was diagnosed during follow-up. In order to avoid bias due to reverse causality, we conducted analyses using cumulative average intake with a lag of 4 years to avoid using data on coffee intake from completed FFQ immediately before ED diagnosis (24) or development of cardiovascular disease and prostate, bladder or testicular cancers during follow-up.
Cox proportional hazards regressions were conducted to adjust for potential confounding by ED risk factors that were previously identified in this cohort and in other studies. We used left-truncated Cox proportional hazards for time-varying covariates, with a counting process data structure using age in months as the time scale. We also stratified based on calendar year to estimate the hazard ratios for coffee intake in relation to the risk of ED by using the lowest intake of quintile as the referent group (25, 26) . Covariates were updated every other year. Multivariable models were adjusted for smoking (never, past, or current 1-14, 15-24, ≥25 cigarettes/day), BMI (weight in kilograms divided by height in meters squared; <25.0, 25.0-29.9, or ≥30.0), alcohol consumption (gram/day; 0, 0.1-4.9, 5.0-14.9, 15.0-29.9, or ≥30.0), total physical activity (metabolic equivalent task/week; quintiles), history of diabetes (yes vs. no), history of hypertension (yes vs. no), history of hypercholesterolemia (yes vs. no), history of cardiovascular disease (yes vs. no), energy intake (kcal/day; quintiles), marital status (married, divorced, separated, widowed, or never married), race (white, African-American, Asian-American, or other), Alternative Healthy Eating Index score (quintiles), difficulty of falling into sleep (yes vs. no), waking up during the night (yes vs. no), not feeling rested upon waking (yes vs. no), medication for lowering cholesterol (yes vs. no), medication for lowering blood pressure (yes vs. no) and sleep medicine (yes vs. no). To test for a linear trend across categories of coffee intake, we modeled intake as a continuous variable using the median intake for each category.
We conducted further stratified analyses to determine whether comorbidities and lifestyle factors such as hypertension, BMI, smoking, alcohol consumption and marital status modify the association between coffee intake and ED. Multiplicative interaction terms were incorporated into the models and likelihoodratio tests were used to test for interaction. All analyses were conducted with SAS software, version 9 (SAS Institute, Inc., Cary, North Carolina). All P values were 2-sided and P < 0.05 indicated statistical significance.
RESULTS
During 10 years of follow-up among the 21,403 participants (median age of 62 years), a total of 7,298 men (34%) reported incident ED. Baseline characteristics of the participants according to categories of coffee intake in 1998 are shown in Tables 1 and 2 . Overall, in 1998, 65% of cohort participants reported drinking at least 1 cup of coffee (total coffee) per day, and 11% reported consuming 4 or more cups of coffee daily. Men with higher total coffee intake had higher physical activity level, were more likely to be current smokers, and consumed more alcohol (Table 1) . Similar results were observed among men with higher intake of regular coffee; in addition, they were less likely to be hypertensive and had poorer diet quality as measured by Alternative Healthy Eating Index scores (Table 2) . High decaffeinated coffee drinkers had higher BMI and higher cholesterol levels, consumed more alcohol, and were more likely to be current or former smokers and hypertensive, but had slightly higher diet quality scores (Table 3) .
Age-adjusted associations tended to show positive trends, but after adjusting for potential confounders including history of cardiovascular disease and lifestyle risk factors, we did not find any statistically significant association between greater intakes of total coffee (P for trend = 0.37) or regular coffee (P for trend = 0.90) and ED (Table 4) . No significant differences were identified after comparing the highest (≥4 cups/day) and lowest (0 cups/day) categories of total coffee (hazard ratio (HR) = 1.00, 95% confidence interval (CI): 0.90, 1.11) and regular coffee (HR = 1.00, 95% CI: 0.89, 1.13) intakes. However, in comparing highest (≥4 cups/day) with lowest (0 cups/day) categories of decaffeinated coffee, there was a 37% increased risk of ED (HR = 1.37, 95% CI: 1.08, 1.73), and the trend was significant (P for trend = 0.02).
Further analyses were conducted to assess possible reverse causation, that is, if development of ED led to a change in coffee habits. Thus, we examined coffee intake with a 4-year lag period between total, regular, and decaffeinated coffee intakes and ED (Table 5) . We did not find any statistically significant trend associated between intakes of total (P for trend = 0.63), regular (P for trend = 0.74) and decaffeinated (P for trend = 0.64) coffee and ED. Also, there were no significant differences between the highest and lowest categories of total (HR = 0.92, 95% CI: 0.81, 1.04) and regular (HR = 0.89, 95% CI: 0.77, 1.02) coffee intakes. After comparing the highest category of decaffeinated coffee intake with the lowest ((≥4 vs. 0 cups/ day), we found a 43% increased risk of ED (HR = 1.43, 95% CI: 1.10, 1.87).
In stratified and multivariable analyses, we examined the association between coffee and ED across strata of smoking status (Table 6 ). We also stratified across strata of BMI categories, hypertension, marital status, and alcohol consumption (Web Tables 1-4 , available at https://academic.oup.com/aje). No significant results were reported among strata of smoking status for total (P for interaction = 0.11) and regular (P for interaction = 0.80) coffee intakes, Table 4 ). However, among current smokers there was a positive trend associated between decaffeinated coffee intake and ED (P for trend = 0.005 and P for interaction = 0.06).
Among categories of BMI (<25.0, 25.0-29.9, or ≥30.0), the associations of total, regular and decaffeinated coffee intake with ED did not reach statistical significance (P for interaction = 0.07, 0.16, and 0.88, respectively; Web Table 1 ). Similar findings were identified after stratifying for history of hypertension (P for interaction = 0.25, 0.25, and 0.72, respectively; Web Table 2 ), marital status (P for interaction = 0.32, 0.67, and 0.08, respectively, Web Table 3) , and alcohol consumption (P for interaction = 0.70, 0.99, and 0.93, respectively; Web Table 4 ). Further stratified analyses were conducted by age (<70 or ≥70), history of diabetes (yes vs. no), medication for lowering blood pressure (yes vs. no), and difficulty of falling into sleep (yes vs. no), but no significant associations were found (data not shown).
DISCUSSION
In the present large observational study that investigated prospectively the association of coffee intake with ED, we observed no significant associations between intakes of total and regular coffee and ED. For decaffeinated coffee intake, there was a significant association after comparing the highest with the lowest intake and also a significant trend. In stratified analyses, none of the modifiable lifestyle factors influenced the association of coffee intake with ED, though the positive association between decaffeinated coffee and ED was observed most strongly in the stratum of current smokers, and possibly suggests residual confounding.
Coffee intake has potential health benefits for various health outcomes (27) (28) (29) (30) . Yet, the present prospective investigation, which included 21,403 men followed for 10 years with a 34% rate of patients with incident ED (n = 7,298), did not support this association. Unlike in other studies in which investigators found potential associations that could potentially be the result of residual confounding (31), we controlled for a large number of confounders (e.g., sleep problems).
Relatively few studies have investigated the independent association between coffee intake and ED in prospective population-based studies, including our previous study (19) , in which we found an inverse association. However, in that previous study, we used cross-sectional data and a smaller sample size (n = 3,724). In a population-based prospective study of 202 patients with incident ED among Finnish men with 5 years of follow-up, Shiri et al. (9) found no association between coffee consumption and ED. No data were provided on decaffeinated coffee intake.
Some aspects of our prospective study merit discussion. Although we observed an increased risk for ED in men who consumed 4 cups/day or more of decaffeinated coffee compared with those who consumed 0 cups/day, we interpret these findings cautiously for the following reasons. First, only 0.9% of men consumed 4 of cups/day or more of decaffeinated coffee. Second, there is no strong biological plausibility between decaffeinated coffee intake and ED. During the process of decaffeination, some of the polyphenols and anti-inflammatory compounds may be removed (32-36), but we found no association between regular coffee consumption and ED. It is possible that deleterious chemical compounds may be added to the decaffeinated coffee in the process of decaffeination (34) (35) (36) (37) (38) (39) . Third, heavy drinkers of decaffeinated coffee had an unusual lifestyle, with comorbid characteristics such as higher BMI, more current and past smoking history, as well as more hypertension, high cholesterol and higher alcohol consumption, but they also had slightly better diets (Alternative Healthy Eating Index score). Interestingly, we observed an association between decaffeinated coffee intake and ED only among current smokers, suggesting that residual confounding may have accounted for the association.
Strengths of the present study include the large sample size, number of patients with incident ED, long follow-up data from participants, and detailed data on ED risk factors. These strengths increased our statistical power for the categorical Abbreviations: CI, confidence interval; ED, erectile dysfunction; HR, hazard ratio. a Model 1 was adjusted for age in months and calendar time. b Model 2 was adjusted for the variables in model 1 and smoking (never, past, or current, categorized as 1-14, 15-24, ≥25 cigarettes/day), body mass index (weight in kilometers divided by height in meters squared; <25.0, 25.0-29.9, or ≥30.0), alcohol consumption (grams/day; 0, 0.1-4.9, 5.0-14.9, 15.0-29.9, or ≥30.0), total physical activity (metabolic equivalent of tasks per week; quintiles), history of diabetes (yes vs. no), history of hypertension (yes vs. no), history of hypercholesterolemia (yes vs. no), history of cardiovascular disease (yes vs. no), energy intake (kcal/day; quintiles), Alternative Healthy Eating Index score (quintiles), marital status (married, divorced, separated, widowed, or never married), race (white, African-American, Asian-American, or other), difficulty of falling into sleep (yes vs. no), waking during the night (yes vs. no), not feeling rested upon waking (yes vs. no), and use of cholesterol-lowering, blood pressure-lowering, or sleep-enhancing medication (yes vs. no).
c Included men who drank no regular or decaffeinated coffee. Abbreviations: CI, confidence interval; HR, hazard ratio. a Models were adjusted for age in months, calendar time, smoking (never, past, or current, categorized as 1-14, 15-24, ≥25 cigarettes/day), body mass index (weight in kilometers divided by height in meters squared; <25.0, 25.0-29.9, or ≥30.0), alcohol consumption (grams/day; 0, 0.1-4.9, 5.0-14.9, 15.0-29.9, or ≥30.0), total physical activity (metabolic equivalent of tasks per week; quintiles), history of diabetes (yes vs. no), history of hypertension (yes vs. no), history of hypercholesterolemia (yes vs. no), history of cardiovascular disease (yes vs. no), energy intake (kcal/ day; quintiles), Alternative Healthy Eating Index score (quintiles), marital status (married, divorced, separated, widowed, or never married), race (white, African-American, Asian-American, or other), difficulty of falling into sleep (yes vs. no), waking during the night (yes vs. no), not feeling rested upon waking (yes vs. no), and use of cholesterol-lowering, blood pressure-lowering, or sleep-enhancing medication (yes vs. no).
b Included men who drank no regular or decaffeinated coffee.
comparison groups and generalizability for studies with similar study populations, and also reduced residual confounding because of our well-characterized risk factors. We used repeated measurements and assessed cumulative dietary intake to more accurately assess long-term coffee intake and reduce measurement error. Yet, the present study has some limitations as well. First, definition of ED was self-reported by participants, which will inevitably be imperfect. However, health professionals tend to report medical conditions with high accuracy, and we have previously reported on classic risk factors for ED such as BMI and physical activity (12) which have been confirmed in other populations with more detailed assessments of patients with incident ED. Although we adjusted for several potential confounders, there is still the possibility of confounding from additional unmeasured factors. However, due to our detailed and updated adjustment for confounders, it is unlikely that these would fully account for the observed findings. Second, although detailed assessment of coffee intake was conducted, this was done every 4 years, therefore, any shorter-term (<4 years) fluctuation of the intake could have been missed. However, coffee intake is consistent over time. Third, no data were available on the preparation methods of coffee, information which can provide insight on the alteration of the chemical composition of coffee. Fourth, it is possible that coffee consumption over a longer time period could have influenced risk. Yet, it is notable that coffee consumption is relatively consistent over time and drinking habits during the study period correlated with prior coffee drinking. Fifth, future studies should focus on investigating a nonlinear association between coffee intake and ED. Finally, reverse causation did not seem to play a role in our findings, but it is possible that subtle alterations in health could have influenced coffee consumption even after including a 4-year lag in our sensitivity analyses. In summary, we did not find an association, either positive or negative, between total or regular coffee intake and ED. However, decaffeinated-coffee intake seemed to be associated with ED, possibly because of residual confounding. None of the modifiable lifestyles factors influenced the association of coffee intake with ED. Abbreviations: CI, confidence interval; HR, hazard ratio. a Included men who drank no regular or decaffeinated coffee. b Models were adjusted for age in months, calendar time, smoking (never, past, or current, categorized as 1-14, 15-24, ≥25 cigarettes/day), body mass index (weight in kilometers divided by height in meters squared; <25.0, 25.0-29.9, or ≥30.0), alcohol consumption (grams/day; 0, 0.1-4.9, 5.0-14.9, 15.0-29.9, or ≥30.0), total physical activity (metabolic equivalent of tasks per week; quintiles), history of diabetes (yes vs. no), history of hypertension (yes vs. no), history of hypercholesterolemia (yes vs. no), history of cardiovascular disease (yes vs. no), energy intake (kcal/ day; quintiles), Alternative Healthy Eating Index score (quintiles), marital status (married, divorced, separated, widowed, or never married), race (white, African-American, Asian-American, or other), difficulty of falling into sleep (yes vs. no), waking during the night (yes vs. no), not feeling rested upon waking (yes vs. no), and use of cholesterol-lowering, blood pressure-lowering, or sleep-enhancing medication (yes vs. no).
